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METAL CATALYST AND A PRECURSOR THEREOF, PROCESSES FOR THEI R PREPARATI ON,
AND A USEWOR2s858SUPPORTED GROUP VI I I METAL CATALYST The moasemt/ore3genti on
relates to a catalyst support, a supported Goup VIII nmetal catalyst and a .
precursor of the supported Goup VIII netal-catalyst. The invention also
relates to processes for the preparation of the said 5 support, catalyst
and precursor. the invention relates to a use of the supported
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Fi scher-Tropsch synthesis. Catalysts suitable for use in a Fischer-Tropsch
synt hesi s process ’I‘B[é"ﬁ?éédn@oﬂtl@ér@tfor?afé‘lé/ﬂéscadd ya tba?i gtves@ﬁ&lt of
Goup VIIl of the Periodic Table of the Elenents (Hand emstry
and Physics, 63tHURBPFFeR, CTOR@ PYEES, mqt%]? QEQ‘%T)Y%MpEpmit%(PmLarSQIefQ%ct ory
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oxides. In particular, iron, 20 nickel, cobalt a rut heni um are we I knovvn
catal ytical |y aheei velaeeal sofproeeesesatar e, pmwm ety ttiee meedied to
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form a three phase (oot ert orBRE8 n 1h SR At Tl Tl Y
systens may beobpeydtredarons éxmmtheszes pscked- bed react or or in a
slurry-bubbl e The catalytic preparation of hydrocarbons from
10 synthesis gas, i.e. a mixture of carbon monoxide and
hydrogen, is well known in the art and is commonly
referred to as Fischer-Tropsch synthesis.
Catalysts suitable for use in a Fischer-Tropsch
synthesis process typically contain a catalytically
15, active metal of Group VIII of the Periodic Table of the

Elements (Handbook of Chemistry and Physics,
68th edition, CRC Press, 1987-1988) supported on a
refractory oxide, such as alumina, titania, zirconia,
silica or mixtures of such oxides. In particular, iron,
20 nickel, cobalt and ruthenium are well known catalytically
active metals for sueh catalysts. Reference may be made
to EP-A-398420, EP-A-178008, EP-A-167215, EP-A-168894,
EP-A-363537, EP-A-498976, EP-A-71770 and W0O-99/34917.
In the Fischer-Tropsch synthesis, as in many other
25 chemical reactions, the supported catalyst, the reactants
and a diluent, if present, in contact with one another
usually form a three phase system of gas, liquid and
solid. Such three phase systems may be eperated, for

example, in a packed-bed reactor or in a slurry-bubble



WO 02/ 05958 PCT/ EP01/07938 - 2 reactor. A packed-bed reactor may conprise
a packed bed of solid catalyst particles through which there is a flow of
gaseous aw@ daiogessd reactants. A slurry-bubble reactor map@anoasa
continuous phase of liquid with the solid 5 catal yst suspended therein and
gaseous reactants flowi ng as bubbles tﬁr@ug‘h the liquid. In all such
operations it is inportant that the supported catalyst is nechanically
strong, so thateadteowatfalpestkgrhitac e ammim aiyn congiri sei at egeikey bleidough

the entire op tion. ;T t r .t 0 talys upport or .t he pport ed
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reactor. Further re i s a cont.i_nuous intere i.n f.indi.n 5 catal ysts
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| ow val ue, or even negative value. In accordance with the present

i nvention cat 4 qng’SLngpotrqagca ccd?'ttﬁ'lq?'sqt PEFT U5 STade Whitdh hAGe 25
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i mpro perfor ce in the Fischer-Tropsc synt hesi s as regards activity
and siﬁecti Vi t%;@a[;w§t iSRRI Ed St S S W(ﬂ??@bs/_cﬁé?@&éﬁsﬁg the paohied & si ze
of the refracafalywd desuRpoMe B H IJddke B pEX nee 1o thet3@ nefgt ory
support and quﬁai d s%that a d(L)?lrJf?h is obtained, adm xing the dough with
a further |iqdiftt F&SEESH HRe o yhesicadisdy séndadr Pend ™t Re sl urry, and

slurry-bubble reactor.
Further, there is a continuous interest in finding
15 catalysts for use in the Fischer-Tropsch synthesis which
provide an improved activity and an impﬁoved selectivity
in the conversion of carbon monoxide into valuable
hydrocarbons, in particular hydrocarbéns containing 5 or

more carbon atoms (“Cg+ hydrocarbons” hereinafter), and

20 minimise the formation of carbon dioxide, which is a
carbon containing by-product of low value, or even
negative value.

In accordance with the present invention catalyst
supports and catalysts can be made which have

25 unexpectedly an improved strength, whilst the catalysts
exhibit an improved performance in the Fischer-Tropsch
synthesis as'regards activity and selectivity. The
invented process involves reducing the particle size of
the refractory oxide support by milling a mixture of the

30 refractory support and ligquid such that a dough is
obtained, admixing the dough with a further liquid to
obtain a slurry, shaping and drying the slurry, and
calcining. A catalytically active metal may be introduced
in any stage of the process or subsequently, as the metal

35 itself or as a precursor compound.



calcining. A catalytically active netal may be introduced in any stage of
the process or subsequently, as the netal 35 itself or as a precursor
conmpound. wi¥d2@24485958 PCT/ EP01/ 07938 - 3 Catal ysts made iprracmephaagce with
this invention have an inproved performance over the catalysts which are
made by the nethods of WO 99/34917. The @ethods of WO 99/34917 include
shapi ng a dough wi thout prior addition of further 5 liquid to the dough,
and shaping a sIuCeﬁaMybh&uham@phﬁia@c@mdbmterw&dhatﬁlsteﬂv@htmbhlhagea

dough. An addi_tiqnal benefi ct_of e inye hat the
particles havé'a lﬁ%ﬁﬁbf“héﬁ?ﬁfﬁﬁm§5etﬁ§' n%? ¥aﬁ éawgﬁﬁbtaéﬁnmﬁge

enpl oyed in abgi ‘ée mmmrs \ed] miee-9 9YB4A1fur trher maspeels off tibeobpgastiizon is
that the inpr.oved cat perties e obtain thout the need of
i nt r oduci ng aﬁﬂﬁi ?ﬁ gﬁ@fﬁ@ W&% prﬁﬁﬁoagﬁé dQpp6Ltt tBrthre
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el ement could 15.influence catal yst propertles unpr.edi ctably in an adverse

manner. Thus, PR YgM&s &Rt Ji MEGR 5 S\HeBe S Ta M dd8es 2 8PUIBr epar i nga

catal yst support oh acsdRRN=AdHenedn cYeh! erebal o¢ataky$hvehtaoRr egur sor
of the supported C?oup VIT1 20 netal catalyst, which process conprises (a)
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prepared, a precursor conpound of th
need of introducing a further, i.e. different element
into the support or the catalyst. This is advantageous
because the presence of such a further element could
15 influence catalyst properties unpredictably in an adverse
manner.
Thus, the present invention provides a process for
'preparing‘a catalyst support or a supported Group VIII
metal‘catalyst or a precursor of the supported Group VIII
20 metal catalyst, which process comprises
(a) exerting mechanical power on a mixture comprising a
refractory oxide and a first liquid to obtain a dough}
(b) admixing the dough with a second liquid to obtain a
slurry,
25 (c) shaping and drying the slurry, and
(d) calcining,
on the understanding that, if a supported Group VIII
metal catalyst or a precursor of the supported Group VIII
metal catalyst is prepared, a precursor compound of the
30 Group VIITI metal or the Group VIII metal itself is
present as an additional component in step (a) or
step (b).
The invention also relates to the support, to the
supported Group VIII metal catalyst and to the precursor
35 thereof which are obtainable by this process. The



30 Goup VIII netal or the Goup VIIl netal itself is present as an
addi tional conponent in step (a) or step (b). The invention also rel ates

to the supppilosedso the supported Group VIII netal catal ysictarmhmsshe
precursor 35 thereof which are obtainableg hy this process. The WO 02/ 05958

PCT/ EP01/ 07938 - 4 .invention also relates to the use of the supported
Goup VIIl metal catalyst in a three phase chem cal = process, in particular
to a process ‘fjdﬁrv%%b]u‘ﬂ{iaﬁgso hﬁ/%]r%ceasr b&@%%%&@@sﬁ@mﬁ%s
contacting a SGrbug W EL Dimeed bosataingsd de and Hied qgenatcevated
tenperature and C?ressur.e with a su&;orted cat al according to the

St
i nvention. |n RAECTTve i ST & Hactdry RS LU odusiighl es of
sui tabl e refragidryconbstes, iwed ddendsdB Nasonchl sd icehtdddiang & zirconia
or m xtures thereof, such as silica-alum na or physical mxtures such as a

mxture of siTHEPEHCTITHRAE TWPErDH IR thel s atost oRit@s conpri ses

titania, zirconmp@Fatlixd KRS hesfofe With RATdIIYAled hedafjact ory oxide
is atitania. 15 According to a preferred enbodiment, the refractory oxide
conpri sing titFAIAF comi B Drimystik¥@s t hereof, may further conprise up

to 50 %w of anot her, rgffactofaht O 48, rd RIS 3lildeCa Ofy RAluni na, based
on the total weight of the refractory oxide. re preferably, the 20
addi ti onal reflrsiRkss oxd deuitabls actriprasiale up nad ude0 admigsen nor e
prefenably up 401 {10 %y ;oM ihe sarELRAS oithe J&f cﬁ,oéju% npst
preferably consists of titania, in particular titania I ch has been
prepared in 25lk¥eaabbEndea o9 sityphiral gnidiutiany ssoip@mds nistumeamd e of
such preparation fwef hods Vol yes. Ak aydre! wsies J:Qaffractory oxide
comprises titania, zirconia or mixtures thereof, in
particular the refractory oxide is a titania.
15 According to a preferred embodiment, the refractory
oxide comprising titania, zirconia or mixtures thereof,
may further comprise up to 50 %w of another refractory
oxide, typically silica or alumina, based on the total
weight of the refractory oxide. More preferably, the
20 additional refractory oxide, if present, comprises up to
20 3w, even more preferably up to 10 %w, on the same
basis. t
The refractory oxide most preferably consists of
titania, in particular titania which has been prepared in
25 the absence of sulphur-containing compounds. An example
of such preparation method involves flame hydrolysis of
titanium tetrachloride.
The titania may be a rutile type titania, but
preferably it comprises anatase type titania. In
30 particular at least 50%, more in particular at least 90%
of the titania is anatase type. Most preferably, the
titania is exclusively anatase type.

The refractory oxide is preferably a material which

has a large surface area. The surface area is typically

35 at least 0.5 m?/g, suitably at least 10 mZ/g, especially



titaniumtetrachloride. The titania may be a rutile type titania, but
preferably it conprises anatase type titania. In 30 particular at |east
50% nor ewion2masssi cul ar at | east 90% of the titania i s arrdTaa®iNnyee. Mst
preferably, the titania is exclusively anatase type. The refractory oxide
is preferably a material which has a |arge surface area. The surface area
is typically 35 at least 0.5 nR/g, suitably at least 10 nR/g, especially

WO 02/ 05958 PG ERO44 0793812/ H, adnd edste 2401 AnG MR tSRRCHa Ay at
| east 35 nR/g, based on BET surface area neasurénents according to ASTM
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200 n2/g, on tAernsanesbasis. sbitdeleral dde SUrfAce i@ eq i dih the range
of from40 n2/g to 100 n2/g, on the sane basis. The particle size of the

refractory oxi4@0 irs? &b soeswéciabteramlmdst t400 imA/ent icon tard same bﬁsﬁ@f.ect gd
w thin.w de ranges, for exanple below 1 nmm typically in the range o 1
from0°1 to 10%%%%?’%?3&@5‘? P ar%%aggﬂgofl r (f%‘gteo 05% I%ompart i cl e
sizes as specifef2)f t4i SoPatBNy, d9FUTRNt oA §ddivari ably the vol ume
average particle diéér:lret ers as et erm ned Slﬂay usi ng a MASTERSI ZER M CRO PLUS

instrument 15 (t rm«rwcl\mmﬁam Qﬂlsh@mﬁ@,ctmrd’. oxddet ¢ Kilsgd ot
I mstrument s Lo The Tacery o o pet ki sseie ith iR
liquid as al r ezriyoepr eSentexamps balahel Braniwsidally iandhlel Irapoeserft ed
20 he_r1 inafter) to .cereve (i(ge prescribed .opti cal edensi ty and_ot he particle
size i's subse ?‘WI@ SRt 1 R ESEF e ofudfe FREIS ot TEOFui d and t he
second |iquid ¢ dependentd y
Particle sizes as specified in this patent document
are invariably the volume average particle diameters as
determined by using a MASTERSIZER MICRO PLUS instrument
15 (trademark of Malvern Instruments, Ltd., United Kingdom;
using the calculation method designated “5THD” and
supplied by Malvern Instruments Ltd.); the material to be
measured is diluted with further liquid as already
present (water in the Examples I, II and III presented
20 hereinafter) to achieve the prescribed optical density
and the particle size is subsequently measured within
30 seconds).
The first ligquid and the second liquid independently
may be organic liquids, such as a lower alcohol, a lower
25 ketone, a lower ester, or a lower ether, for example
ethanol, acetone, methyl ethyl ketone, ethyl acetate,
diethyl ether or tetrahydrofuran. In this patent
document, when the term “lower” is used in conjunction
with an organic compound the term specifies that the
30 organic compound has at most six carbon atoms, in
particular four carbon atoms. More suitable first and
second liquids are aqueous liquids, such as a mixture of
the organic liquid and water, preferably comprising at
least 50 %w of water and less than 50 %w of the organic

35 liquid, based on the total weight of the liquid. In



may be organic liquids, such as a |lower alcohol, a |lower 25 ketone, a
| oner ester, or a | ower ether, for exanple ethanol, acetone, nethyl ethyl
ket one, ewop2/aest ate, diethyl ether or tetrahydrofuran. FQT/EHIIS793&t ent
docunent, when the term"lower" is used in conjunction wth an organic
conpound the term specifies that the 30 -organi ¢ conpound has at nobst six
carbon atons, in particular four carbon atons. Mire suitable first and

second | i qui d%)ﬁ'@_@ﬂl@blﬂlé | Llidlsus SMth@Es &8 X8 ofrt tike G Gqg
liquid and waterr’Pe prefera%% corrprrsrrljg1 | east 50 %wv of water and |ess
than 50 9%w of tHE orifanicrss Higthd,2 §"é’c? GIPAHE! tiormidairghfoft e
liquid. In m%@&&aﬁp&ﬁﬂl@ol/w&%m&bmr biadar; 4 hgsagugous,d i qui ds

are water. It referred that the first |iquid and the second liquid are
of the same it MR %Stjlttkéeol%fecm&rlqusl%sed as the first Iiquid

and assthe second 1 Gidh ) oBtER (Feind fgﬁfdtfe%%eweo@r L6883 FRppani cal
power is exerted on the mxture to obtain a dough. The nechanical power

may be exert ed-bySFREHRACKigh Botiue tﬁ(lqkl’feik}rpe?r stglsudeas by kneadi ng
or mulling. S%é@m&c@pp@a@éy%gr S Ldiiade Hp Yl g SR P e Ha xer

and a 10 rotati ng wheel nixer-mnu Typical ly, the nechanical power is
exerted on theskiibadirke¥nna yeeh o’vds dty freadsing mut esiltlo ry .héindgakdre

Longer, Such asyp-d0,0 DAlirs, g iadt Slerdblot (i@ PAedoduale L 15 to

90 mnutes. Thi's step may be carrie out over rang
t enper&t ures, m@@%lwherebrmm@rtw@oem As 'a result of the i nput of

ener gy into the l%d;lul he(_rkee widdp ) |F&theee£a?% % trhceetof %r;?ee'h%t ure. The

solids content of t h as prepare efial to the
i nvention and Mgt wee 2008 el geeeicbdv athifram de miangess t'Eyp?i daluns,t fer sol i ds

content longer, such as up to 5 hours, but preferably for a

period of from 15 to 90 minutes. This step may be carried
15 out over a broad range of temperatures, preferably from
15 to 90 °C. As a result of the input of energy into the
mixture, there will be an increase of the temperature.
The solids content of the dough as prepared in
step (a) is not material to the invention and may be
20 selected within wide ranges. Typically the solids content
is at least 60 %w, for example in the range of from
65 to 90 3w, on the basis of the total weight of the
dough. Preferably the solids content is in the range of
from 65 to 85 %w, on the same basis. The solids content
25 of a mixture (dough or slurry) as defined in this patent
document is determined as the weight of the residue which

is formed after heating the mixture for 2 hours at
600 °C, whereby the heating may be preceded by drying at
milder conditions if desirable.

30 The particle size of the solid material present in
the dough is typically at most 5 pm, for example in the
range of from 0.05 to 3 pum, preferably in the range of
from 0.1 to 1 pum. The particle size reduction which

occurs as a result of exerting the mechanical power

35 during step (a) may be quantified by the ratio of the



is at least 60 %v, for exanple in the range of from65 to 90 %, on the
basis of the total weight of the dough. Preferably the solids content is
in the rawge2@kossf rom 65 to 85 %v, on the sane basis. The gaimsosast ent 25
of a m xture (dough or slurry) as defined_in this patent docunent is
determined as the weight of the residue which is formed after heating the
m xture for 2 hours at 600 C, whereby the heating may be preceded by drying
at  mlder comdinttiions ifizesit diile.er8) cfthetear t(x0] @z ehef paeisdle d

materi al present, | t.he i S- typically 1ost_.5 m. for _exanple.in the
range of Pr om .Z(%%tto t%em pre eoffab#%pl ﬁ(at)Hea‘[&lé'r?gé:a&flo fll'so?ﬁy@.lf 1M The
particl e size thedustrigzm athiCH Ddourks s i resulitcudfa rexer tiheg ralmejenmechani cal
power 35 duri n?toepbﬁ(‘@o Y, be quantified by the ratio of the WO 02/05958
PCT/ EPO1/ 07938 - particle size at the end of step (a) over the particle

size ab the start Tfe stiemi(id)y Skhissacatd A dics itdy pidealxdeyd ijJ‘mO stZ’dQ@Sr(%gasof
0.02 to 0.5, in.particular in.the range.of fra .05 to 0. 2. e
quantity of sencoéclr[l)élnaltlequfiag1 i S Jinnveg}%é‘;?n(‘b)srql?a%r}é@ t&’iﬂ &aaptity ofe

i nvention. Suigeahind thengidnis tat dfeassedand darquiod lv&i?ythtl e(@?)lo_.pbxpgr_t by
wei ght (pbw) per of the dough nd the quantity of second liquid is
typical ly at r?ggé”f C@%%%ﬁ'}g}bb\ﬁq}ﬁ t[a}’r‘?e CH’cﬂiﬁﬂr.tyF&f & ORIV ihé Squant i ty
of second |iquiyhiicsily tde mastgesOipb M Grw toF 2hpwRer. plow of the

dough, .in particular froml1l to 10 pbw per pbw of the dough. |ndependently,
the qidntity &X%ngkﬁ'd thy BRdyY Yhareqams! diquds dentienither Temeesiadrry

prepared in 15 (D)td L@APIWLPe Do UhLXRARYE 1ik thethiange,of from
1 to 45 %, reilative to the weight of the slurry. ‘Suitably the quantity is
selected in a and® wit PPR¥hger pbw of the dough.

Independently, the quantity of ligquid may be such
that the solids content of the slurry prepared in
15 step (b) is at most 55 %w, for example in the range of
from 1 to 45 %w, relative to the weight‘of the slurry.
Suitably the quantity is selected in accordance with the
shaping method selected for application in step (c). For
example, when the shaping method is spraying, such as
20 applied in a spray-drying operation, the solids content
of the slurry is typically in the range of from 5
to 35 3w, preferably of from 15 to 30 %w, relative to the
weight of the slurry.
The mixing of step (b) may be carried out by any
25 suitable method known to the skilled person. The skilled
person will appreciate that preferably a homogeneous
mixture of the dough and the second liquid is obtained,
i.e. a mixture which is free of lumps. Stirring by means
of a radial turbine, an anchor stirrer or a marine
30 impeller is suitable. Typically, a mixing time of 5
to 120 minutes will be suitable, in particular from 15
to 90 minutes. The mixing may be carried out over a broad
range of temperatures, preferably from 15 to 90 °C.
Any suitable shaping and drying methods may be
35 applied in step (c). For example, the slurry may be dried



shapi ng net hod selected for application in step (c). For exanple, when the
shaping nethod is spraying, such as 20 applied in a spray-drying operation,
the sol i dygcpnset of the slurry is typically in the rangemafpoio®3zd to 35
%v, preferably of from15 to 30 %w, relative to the weight of the slurry.

The m xing of step (b) may be carried out 8b>7 any 25 suitable method known
to the skilled person. The skilled person will appreciate that preferably
a hormpgeneous taribangr @ sfakeharngbyghisdred -t Beydegomayl bguedfiestelt akned,

i.e. a mxturewy | unps, it ri,ng S o ~Of radi
turbi ne, an anchoracesﬂ,étdl ?Crefen{ﬁacgélﬂr?é%g %Jalin l%l Ialg)\révi@ss%gui tcébpg?f%&%éé'l ly,
a mxing timeuw B 50T nimanee prgifldrabd ysuict alol 800i 1§ Cpafhiecpkar ofir om 15

to 90 m nut es. rried.aou ver_ a broad__range,of
t enper at ur es, fﬁﬁgﬁe&ﬂ({)%ﬁkﬁgﬁg%&%C.t%Atr?y%sou|rtséblmé’r§h§6fe%g§ﬁgydr yi ng
met hod§ may b&r3® dpplniigditias stee@ (hourskor exanple, the slurry may be dried
WO 02/ 05958 PCT/ ER 7 - o_form.a cake and cru

T h%ﬁ}n

and " dryln 5 Sqeg' E&yLng may be
effected at an el evated terfpérature, For “examsl é°abevé58 4tpr-Bf 8rabl y
up to 500 C, momglpr efperailioryp fior IREE1eThy periagddrfyahgdrying i s
typically up to 5.hours, e preferabl from 15 m nut to,3 hours.
P%lgferab%/y, IOshapi nfac and p&%eﬁj% t@arlﬁ%al%gutorﬁenoé mé’irﬁggzoﬁpé?@ﬂ’gﬁ?gfor
exanpl e by spramerdrsyisngl/drt dsxs rsafoer rddist, 0 depelivdegongedi snane 1 ow
irrpro{gng agents and/or_extrusiaon aids, .peptisi n% agents and, 10 bur n-out
materials in tHE BT V3T 5 &% (9 Fs S T8uEF 1oFd &t PFEL SR e helfhuse
are known in téheliaritvecfand atheiexanpl e \dOKIMKBA94L7 th¥erytSuictablre rpeptisi ng

agents for wuse in.this inventi e weak acids, in particular acids
having a pKa &F3Pl% '%,ﬁgﬂﬁlt%gb%{?ré’t S € peptising agents for

use in this invention are weak acids, in particular acids
having a pKa of at least 0, suitably at most 8,

15 preferably in the range of 0.5 to 6, when measured in
water at 25 °C. More in particular, carboxylic acids are
of interést, for example formic acid, acetic  acid,

' citric acid, oxalic acid and propionic acid.
The shaped and dried compositiohs of step (¢) is

20 calcined in step (d). Calcination is effected at elevated
temperature, preferably at a temperature between 400
and 750 °C, more preferably between 450 and 650 °C. The
duration of the calcination is typically from 5 minutes
to several hours, preferably from 15 minutes to 4 hours.

25 Suitably, the calcination is carried out in an
oxygen-containing atmosphere, preferably air. If desired,
the drying of step (c) and the calcination may be
combined.

It will be appreciated that the most preferred way of

30 carrying out the process may vary, depending e.g. on the
desired size and shape of the catalyst particles. It
belongs to the skill of the skilled person to select the
most suitable method for a given set of circumstances and

requirements.



15 preferably in the range of 0.5 to 6, when neasured in water at 25 C.
More in particular, carboxylic acids are of interest, for exanple formc

acid, aceigpomgdsd, citric acid, oxalic acid and propioni (pcqg'gpib.l/oﬂ'dag shaped
and dried conpositions of step (c) is 20 cplcined in step (d). Calcination
is effected at elevated tenperature, preferably at a tenperature between

400 and 750 C, nore e}e{;ﬁ{ably bet ween 450 and 650 C. The duration of the

cal cination is typic om P&y st d ssehdrdmnerodns thsr épamaify af r om

15 minutes to gowdsif S.in 25 S taHe/, sghe ol SiHAti 0N ipy FIHSd rRi¥hdg an
oxygen-containing atnosphere, preferably air. I'fT desired, the drying of
step (c) and tHF GRRIHATON gy BEP cSilbi ned. 1t will be appreciated that

the most preferredrm@ypfti 3l GAY I 18 JRRISH QERSS HIRY MRy, depending
e.g. org the desired size and shape of the catal yst particles. It bel ongs

to theskill ofR3WEGkiFTetnpardrralsideinettls e/Pimsstlvs dint dbice rra@tqqaod7g gg
a given set of_gi r j I nts. 02/.05958 PCT/ EPQ1/ O

9 Preferably, ?jﬁef%%?z% 3‘2%9?05& ’aipﬁrge e|rﬁabt eJTno\ré_:l%eoflf_aélgep&f?d O SfJGC\/m ch
case Spray-dr a4 i Drief ofd vt o O ARRIICA! 190 IArSASR( Qe The
particle size of the powder obtained after 5 shaping, drying and calcining
is typically ithe heoramfe swsh fa amwslqn 20@ mheﬂm@bmt@:qeasn.mmr[]an?e of
from10 to 1 t.-d S adv t g.mgl _ St_ | t he form
of such a pomdo%id%# aréc erfn.éj'cgﬁg%r oceggsle(tjnl er ?ilfs]{}f‘}'r ;bsltbr%e%l %éa,a t(())rr'exarrpl e
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process under a fixed-bed regime, for example in a
packed-bed rector. Less preferably, the catalyst is
obtained as a lumpy material without a well defined

15 shape. ,
A supported catalyst or a precursor thereof may be
made which contains a catalytically active metal or a
precursor of the catalytically active metal. The
catalytically active metal is a Group VIII metal, as in
20 many chemical reactions, such as Fischer-Tropsch |
synthesis and hydrogenations, a supported Group VIII
metal catalyst is used.
For use in the Fischer-Tropsch synthesis it is
preferred that the Group VIII metal is selected from
25 iron, nickel, cobalt and ruthenium. More preferably,
cobalt or ruthenium is selected as the Group VIII metal,
because cobalt based catalysts and ruthenium based
catalysts give a relatively high yield of
Cg+ hydrocarbons. Most preferably, cobalt is selected as

30 the Group VIII metal. A further metal may be present in
order to improve the activity of the catalyst or the
selectivity of the conversion of synthesis gas into
hydrocarbons. Suitable further metals may be selected

from manganese, vanadium, zirconium, rhenium, scandium



packed-bed rector. Less preferably, the catalyst is obtained as a | unpy
material wthout a well defined 15 shape. A supported catalyst or a

precur sorwigereeds nay be made which contains a catal yti cadyemehiosge net al
or a precursor of the catalytically. agtige_mst al. The catalytically
active nmetal is a Goup VIII netal, as in 20 many chem cal reactions, such
as Fischer-Tropsch synthesis and hydrogenations, a supported Goup VIII
metal cat al yst31%s WEdEnimsr. Jfsenaf e diduiderTmgsedh 1oy mepegsinesiet drs

preferred thatydheuGouR Vddr iR Alad Sis8)-66ted from 25 iron, nickel,
cobalt and ruthenium More preferably, cobalt or rutheniumis selected as

the Group VIII netlHle ssemiseicdbd tCusawed 1ddt alefstls pmsdiemat Reniti based
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based on the weight of the further metal relative to the
weight of supported Group VIII metal catalyst. The atomic
15 ratio of the Group VIII metal to the further metal, as
present in the catalyst, is typically af least 5:1 and it
is typically at most 200:1.
The supported Group VIII metal catalyst may suitably
be prepared by methods known to the skilled person.
20 It is preferred to introduce the catalytically active
components or precursors thereof by having them present
as an additional component in step (b) or more preferably
already in step (a). A less preferred alternative is that
the catalytically active components or precursors may be
25 deposited onto the support after the calcination of
step (d). The term “catalytically active components”
includes any catalytically active metal, i.e. the
Group VIII metal and any further metal, as present in the
supported metal catalyst. The term also includes
30 precursor compounds of the catalytically active metal. It
is not excluded that, in addition to the catalytically
active components and the support, the supported metal
catalyst comprises further components.
Suitable catalytically active components include

35 salts of the catalytically active metal, such as



The amount of the further netal, if present, is typically from0.05 and 60
%v, nore typically fromO0.1 to 25 %, based on the weight of the further
metal relwozesess the weight of supported Group VIII et @ceeroabyss. The
atomic 15 ratio of the Goup VIII netal to the further netal, as present
inthe catalyst, is typically at least 5:1land it 1is typically at nost

200: 1. The supported Goup VIII netal catalyst may suitably be prepared by

met hods known rict tadtee skidd sbrperepan®Gddtdtser ei‘yefrrc&(ide%hiaﬁh?d Qﬂdiﬁ:%st he
reacnt —as b adild i A LOOHRTER T G Gy G ArarARIGR LI eady
in step (a). Adiesse pieier regdal t ermas i o415, tiat1 1 hetGataalddnigealdit fact i ve
conmponents or precursors nng%/_ be 25¢q§pos,i ted onto the support after the
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includes any cat alndy aidy Yoaghd mei AL Rl solutfle tihe tE@OUR MY lomeiloand any
further netal,_ as jg{)esent inthe supported netal catalyst. The termalso
i ncl udes 30 prJe](f{H T conpounds of the catalytically active netal. It is

not excluded that,rf reraddidd on 41418, Gt iGRldoherdE iote LBRANINs and
t he support, the supported netal catal yst conprises further conponents.

Sui t abl e cat al34§ cdH15PIITY E ¢ st hafiidfy We salicingit ioge of
catal ytical ly aacdd veq)Tet @bnveticiods) WRQ2/ P58, RET/ R Ji/e%7.9%§%ch 11
nitrates, carbonates and acetates, hydroxi des and oxides of the
cat al yfi cal | y aeavVsrsianal mefpdhel e aieu i fal |agampde, v @ nestigliiatsisld . The
CoL | oy B A CEURRIETGS ool s D SR I
liquid. If thekatsiBRITH |SPERY TR Componemasliory preblarsdmpregnating

the catalytically active components or precursors onto

the support; and/or extruding one or more catalytically

15 active components or precursors together with support
material to prepare extrudates. .

A conventional method of preparing the supported
Group VIII metal catalyst is by impregnating onto the
catalyst support the catalytically active components or

20 precursors as aqueous solutions. In case a cobalt and
manganese containing supported catalyst is to be
prepared, most preferably a highly concentrated solution
is employed. A suitable method to arrive at such a
concentrated solution is to use a mixture of molten

25 cobalt nitrate and manganese nitrate salts. The
impregnation treatment is typically followed by drying
and, optionally, calcining. For drying and calcining
typically the same conditions may be applied as described
hereinbefore.

30 Now turning to a use of the supported Group VIII
metal catalyst of this invention, as indicated
hereinbefore, the supported Group VIII metal catalyst may
be used to catalyse a process for the preparation of

hydrocarbons from carbon monoxide and hydrogen.



are introduced to the support after the calcination of step (d),
conventional nethods may be applied. Such 10 conventional nethods involve,

for exanpe o2pseRi pitating the catalytically active conpaeagntm0o3s
precursors onto the support; spray-coati gg,_kneadi ng and/ or i npregnating
the catalytically active conponents or pretursors onto the support; and/or
extrudi ng one or nore catalytically 15 active conponents or precursors
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advant ageous tg activate . the suppgrted G,aup VIII ngftoglg&tal st prior to
I

use by a 5 réduction s it th Ptesehce or nyd ST&HE egen
present in the mixture may range between 0.1 and 100 $v.
According to a preferred embodiment of the reduction,
15 the catalyst is brought to the desired temperature and
pressure level in a nitrogen gas atmosphere.
Subsequently, the catalyst is contacted with a gas
mixture containing only a small amount of hydrogen gas,
the rest being nitrogen gas. During the reduction, the
20 relative amount of hydrogen gas in the gas mixture is
gradﬁally increased up to 50 %v or even 100 %v.
It may be preferred to activate the supported
Group VIIT metal catalyst in-situ, that is inside the
reactor for the preparation of hydrocarbons from
25 synthesis gas. For eiample, WO-97/17137 describes an
in-situ catalyst activation process which comprises
contacting the catalyst in the presence of hydrocarbon
liquid with a hydrogen-containing gas at a hydrogen
partial pressure of at least 15 bar abs., preferably at
30 least 20 bar abs., more preferably at least 30 bar abs.
Typically, in this process the hydrogen partial pressure
is at most 200 bar abs.
The process for the preparation of hydrocarbons from
synthesis gas is typically carried out at a temperature

35 in the range of from 125 to 350 °C, preferably from 175



tenperature. Typically, the reduction involves treating the catalyst at a
tenperature in the range from 100 to 450 C, at el evated pressure, typically

froml tw2R@ser abs, frequently for 1 to 200 hours. Purpgethtpoyiiz@gen nmay
be used in the reduction, but it is usual %g _preferred to apply a mxture
of hydrogen and an inert gas, like nitrogen. The relative anount of
hydrogen present_in fhe mxture may range between 0.1 and 100 %.
According to drefer rfed Bl ofl & %é’PrlcC@détYl éi, thes remgec gfalfyrom i s

brought to the desirsy gMagal ung - Snd-aARe I o @¥elgd Rog R .008R gas
at nosphere. Subsequently, the cat %ﬁst iS contacted with a gas 'm xture

cont ai ni ng onlBA%Sit3r arERThtS dio K Regerbfas, the rest being nitrogen
gas. During the reducida ddie 20y alone aountnthWid ey gas in the

gas m xture is gradual increased up to 5 r even 1 . It may be

preferred to defihaRlly H}e/e%ﬁﬁb&ft%d)r@e(ﬁﬁpa\‘lll Il medeal redtial yist tihe situ,

that is inside.4 feaeter; iy 4 he pIRp E%E'j of. hydr r .rom 25
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activation prdtelssr i telr ofipkl sex-ressnt dde (g1t Ive leattdwidty iof tthe presence
of hydrocarbon__ liquid with a hydrogen-containin as at a hydraogen
parti al preSSLﬁaetac}Tcl’safts’l gast: 1 eoasre%fﬁ.l,"lﬁryepér geyfé’trH@GHOélaﬁ 20 bar
abs., nore prefgr abldratatieass. 30 bar abs. Typically, in this process the
hydro%en partial pressure is at nost 200 bar abs. The process for the
prepardtion of hydiordionsitt rida enbudiswing gds the tiywiendlilon dar mhddhout at
a tenperature i faro t . preferably from 175 WO
02/ 05958 PCT/ mﬁd%@ls%ff?]g‘%o@ﬁSc@"%ﬁ‘tp%éls%gﬁrhé% if@r%&&rcé“le%% 15t he
range of frommnEaanasd drad/@absignaptiefer abliyhf com Priecedd Har aabsitoniin
ratio of cobalt/(manganese + vanadium) of at least 12:1,

the Cs+ selectivity of the catalyst is remarkably high,

15 even when using synthesis gas having a high hydrogen to
carbon monoxide atomic ratio. In this embodiment the
- hydrogen to carbon monoxide molar ratio in the range of
from 1.5 to 2.5 may be used.
The gas hourly space velocity (“GHSV” hereinafter)
20 may vary within wide ranges and is typically in the range
from 400 to 10000 N1/1/h, for example from 400
to 4000 N1/1/h.
The term “GHSV” is well known in the art, and relates
to the gas per hour space velocity, i.e. the volume of
25 synthesis gas in N1 (i.e. at the standard temperature
of 0 °C and the standard pressure of 1 bar (100,000 Pa))
which is contacted in one hour with one litre of catalyst
particles, i.e. excluding inter-particular void spaces.
In the case of a fixed bed catalyst, the GHSV is usually
30 expressed as per litre of catalyst bed, i.e. including
inter-particular void space. In that case a GHSV
of 1600 N1/1/h on catalyst particles corresponds to
about 1000 N1/1/h on catalyst bed.
The process for the preparation of hydrocarbons may

35 be conducted using a variety of reactor types and



particular from5 to 50 bar abs. Hydrogen and carbon nonoxi de (synthesis
gas) is 5 typically fed to the process at a nolar ratio in the range from
0.7 to 2.%wo d2wapddydrogen to carbon nonoxi de nolar ratios pgtitpoigezgase the
Co+ selectivity of the catalysts, i.e._tgg selectivity of the formation of
C5+ hydrocarbons. 10 However, in the enbodrnent of the invention in which
the Goup VIII netal is cobalt and the further netal is nanganese and/or
vanadi um whi cif3fte Pt SHMG T APt Le &t ifd xsid bsshinggimenganese +

vanadi um of aéld@.%ﬁt HeZsel red e Gt eldfhiMido f Je LabaleyStid i1
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35 be conduct e a1 gL S 8 R0 Uer' o, A WRELIRRE the
type of reaction regime that is being applied. Thus, if
it is desired to operate the hydrocarbon synthesis

15 process with a fixed bed regime, preferably the gas
hourly space velocity is chosen in the fange from 500
to 2500 N1/1/h. If it is desired to operate the
hydrocarbon synthesis process with a slurry phase regime,
preferably the gas hourly space velocity is chosen in the
20 range from 1500 to 7500 N1/1/h.

It is a particular aspect of the invention that the
catalyst support and the supported Group VIII metal
catalyst have an increased strength. Therefore, when in a
chemical process a fixed bed regime is applied the

25 catalyst bed can have more height, or when an slurry
phase or an ebulliating bed regime is applied there is
less attrition of catalyst particles. Less attrition may
lead, advantageously, to a longer permissible residence
time of the supported catalyst in the reactor, and/or to

30 the less formation of fines. When there is less formation
of fines there will be less danger that fine particles
will pass the filter in a filtration step for removal of
catalyst particles. It is preferred to use the supported
metal catalyst of this invention in a slurry phase

35 regime.



- 14 .reaction reginmes, for exanple a fixed bed regine, a slurry phase
regime or an ebulliating bed regine. It will be appreciated that the size

of the cata pakosgarticles nmay vary depending on the reacticaneroe@idze t hey
are 5 intended for. It belongs to the ski of the skilled person to

L1
sel ect the nobst appropriate catal yst part idle size for a gi ven reaction
regime. Further, it will be understood that the skilled person is capable
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particles wll _pass the filter in a filtration step for renoval of
catal yst parti%t eshe 3015 reders gt Jatsr t (RO upor ted added to the

dough and the dough/water mixture was homogenised by
means of a turbine stirrer, to form a slurry. The

15 particle size of the solids present in the slurry was
unchanged. The slurry was sprayed-dried through an
atomizer. The resulting particles were calcined in air

for 1 hour at 600 °C. The particle size of the resulting

powder was 30 pm. The catalyst precursor so obtained was
20 subjected to various tests.

The particle density was found to be 2.38 g/ml.

The strength of the particles was tested by
subjecting a slurry containing 5 %v of the particles in
water to high shear forces during 30 minutes, by means of

25 a high-speed mixer operating at 5750 rpm. The temperature
of the slurry is maintained at 20 °C. The size of the
fresh particles and of the particles after the shear
treatment was measured. It was found that the shear
treatment applied during the test had caused a 5%

30 decrease in the particle size.

The catalyst precursor was reduced and tested in a
process for the preparation of hydrocarbons. A micro-flow
reactor containing 10 ml of the particles in the form of

a fixed bed was heated to a temperature of 260 °C, and



nmetal catalyst of this invention in a slurry phase 35 regi ne. WO 02/ 05958
PCT/ EP01/ 07938 - 15 The invention will now be illustrated further by

means of $Hae2foeddsowi ng Exanpl es. Exanple | A dough was pr grarEa@iywsgadm xi ng
and kneading in a 5 kneadi ng appar at us_lgg parts by weight (pbw) of
commercially available titania powder (P25 ex. Degussa, BET surface area
50 n2/g (ASTM D3663-92), particle size 7 m, 50 pbw of commercially

avai | abl e Co( B PoRkred (pirl? i1 G FeopnstLlay DihmiteoIum SeF2teH20 10

("Ac" neans agetedfirsWal &dh g erphand B0 lw e cwaler wagh?celﬁﬁ%%gi ng
was continued unti] the particle size of the solids was 2 m Water (650
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means of a turpjdieoddd g8, hoe iRy MRRUIdY «hENG- 2 Ak gl ngi 2¢ of the
solids present in the slurry was ~ unchanged. The slurry was sprayed-dried

througR an atZRFen THe e ity paras dresiupdrly dalcgiensed fram 0 for 1
hour at. 600 C.tJdheyPad+ i ohife %%@e@fcér%ﬂﬁ%gfdépgn %\@q%rffvl%%s?’%a hThe

catal yst precursor so obtained was 20 subjected to various tests. e
particl e densitSPdeekountP@® w2 38 g/m. The strength of the particles

was tested by subjectdng,@ sl GOl % of. t rticles in
wat er to hi gh shear forces(flduri ng 130 nr%h?]éu glsﬁé%sglyré/ne“%ﬁstlg]%r%%ségdhi gh- speed
m xer operati g ail 37850 alpm Thre nrapraradtiore ofofhdm asiniponys wsismai nt ai ned

at 2016 The slze-olqldie: (18eh RARHLELES, ARl Al Jhe R UoGhes, after the

shear treatment was neasure t was Tound that shear 1T eat ment
appl i ed duri ngrarmxidstathaa BadiEedat 59%@0 ldderleadihd GHIVe apannitelde ti ze.

7700 N1/1/h. The reaction temperature, expressed as the
weighted average bed temperature, was 232 °C. The space
time yield, expressed as grams hydrocarbon product per
15 litre catalyst particles (including the voids between the
particles) per hour; the selectivity of.methane,
expressed in %mole methane obtained relative to the
number of moles CO converted; and the selectivity to
hydrocarbons containing 5 or more carbon atoms
20 (Cs+ selectivity), expressed as a weight percentage of
the total hydrocarbon producf, were determined after
40 hours of operation. The results are set out in
Table I.

Example II (comparative)

25 Example I was substantially repeated but with the
differences that
(1) the quantity of water present during the admixing of
the catalyst ingredients was 620 pbw, instead of 50 pbw.
Consequently a slurry was directly obtained, instead of a
30 dough, which was milled by using a ball mill until the
particle size was 2 pum.
(2) during the preparation of hydrocarbons the reaction
temperature was 239 °C, instead of 232 °C.

The particle size of the powder after the calcination

35 was 30 um. The particle density was found to be



The catal yst precursor was reduced and tested in a process for the
preparation of hydrocarbons. A mcro-flow reactor containing 10 m of the
parti cl eswigy2rogessf orm of a fixed bed was heated to a temeratpeierag 260 C,
and WO 02/ 05958 PCT/ EP01/ 07938 - 16 pr_eﬁrur_i sed with a continuous flow of
nitrogen gas to a pressure of 2 bar abs. "The catal yst precursor was
reduced in-situ for 24 hours with a mxture of nitrogen and hydrogen gas.
During reductiort H/Tel A% BOafARmReaTe Shyidiogartiirlens imexmare was
gradual l'y increasash f1romik %Bhed:0 thQ0 HentThe Mat 6, GRGENIRLILQ J the
of f-gas was kept bel ow 3000 ppmv. Foll ow ng reduction the pressure was
increased to %th T abs . TN preparation of hydrocarbons was 10 carried
out with a m xture of hydrogen and carbon nonoxide at a H2/CO ratio of
1.1:1. The GHSV amobunted to 7700 NI/1/h. The reaction tenperature,
expressed as the weighted average bed Rdferlat ure, was 232 C. The space
time yield, express$gg rams hydrocarbom—product—per—1io—tttfie catal yst
particles (includi n((:lﬁ"}kta el\%oi ds between the part;TcI es) ;)retr Hour; t he
selectivity of nethapece éxipreeyiedd rig¥%inhe net Hahes3®btjdiied el ative to
the nunber of nol esEorconvertet—and-—the—seleetiwtyto—hydrocarbons
containing 5 or noj Selgedn tyoﬁlgtf‘ﬁn{acéfmggﬁécti i y) | Tt edsed as a
wei ght percent age 0fCs+ BelketalviRydr@aarbon produed 1 Werge Get ¢rmi ned after
40 hours of operation. The results are set out iln Tablle I. Exanple I
(conparative) 25 Exanpl™® : Gempassisitvanti al |y repeated but with the
differences that (1) the quantity of water present during the adm xi ng of
the catal yst ingredients was 620 pbw, instead of 50 pbw.

Example III (comparative)

5 A catalyst precursor was prepared as set out in
Example I but with the difference that the dough prepared
as in Example I was extruded to obtain an extrudate,
which extrudate was subsequently dried, calcined (as in
Example I) and milled to a particle size of 58 pum,

10 instead of adding water to the dough to obtain a slurry,
spray-drying and calcining.
The particle density was found to be 2.14 g/ml. An
83% decrease in the volume weighted average particle
diameter was caused in the shear treatment test carried
15 out as in Example I.
It will be appreciated that in various aspects the
catalyst of Example I, i.e. according to the invention,
is much better than the catalysts of Examples II and III,
i.e. the comparative catalysts. The invention provides a
20 stronger catalyst and a catalyst which has a higher
density. Using the catalyst according to the invention,
the hydrocarbon production rate is higher, although the
temperature was lower. The hydrocarbon production rate is
higher on a catalyst weight basis and on a catalyst
25 volume basis. Further, the selectivity to hydrocarbons

containing 5 or more carbon atoms was better and the



Consequently a slurry was directly obtained, instead of a 30 dough, which
was mlled by using a ball mlIl until the particle size was 2 m (2)
during t h@gan@gesgat i on of hydrocarbons the reaction tenpai@Eitrogoyds 239 C,
instead of 232 C. The particle size of t_h?8pgwder after the calcination 35
was 30 m The particle density was found t0 be WO 02/ 05958 PCT/ EPO1/ 07938 -
17 1.31 g/m. An 80% decrease in the particle size was caused in the

shear treat mneetet SERINF Festi it t@ridutehl o pnlivh Praly to TABLE | *):

Conpar ati ve Exadpd:e dddpdEpimpasative) 5 A catal yst precursor was prepared
as set out in Exanple I but with the difference that the dough prepared

as in Exanple | wad! &iF RISPIG O dheaatadatsd, prgrugsosst ofdat e was
subsequent Iy didapical dmediApid 1R 1102128 hed tQaRY ULl e
size of 58 m 10 instead of adding water to the dough to obtain a slurry,
spray-dryi ng dif ceidaniREy el darte Qrtaiengantides afndheo ssee2. 14 g/ nd .
An  83% decr easi;d N Aheh ARINEL Jved QY ede aues PAdLhE s HRTRLEL wWas

caused in the shear treatnent test carried 15 out as in Exanple [." It will
be appreci at e®&ifit ShRrRAIT oudr Bidpe A 1l cigeitng yidre slatRdamslie |, . e.
according to thed ey i1 tnd SiAME K81 tels than dihe caf alysts of Exanpl es
Il and Ill, i.e. the conparative catalysts. The invention provides a 20
stronger cat al§BPamRt Ve aliaststvhi ch has a higher density. Using the
catal yst according to the invention, the hydrocarbon production rate is

hi gher, al t hough the



tenperature was | ower. The hydrocarbon production rate is higher on a
catal yst wei ght basis and on a catal yst 25 vol une basis. Further, the

sel ecti viiwo dg2msépgdr ocarbons containing 5 or nore carbon gicanspovemspetter
and the Exanplelll *) Space tine yield (g/ll . h) 1130510 Sel ectivity nethane
(%ol e)4.811.0 C5+ selectivity (%) 90. 180: 7 WO 02/ 05958 PCT/ EPO1/ 07938 -
18 better selectivity is attributable only partly to the |[|ower

tenperature. In the preparation of the catalyst precursors of Exanple |
and Exanpl e Il nmechani cal power was MSS the refractory oxide to

obtain particles of the sanme size. Although the size of the particles was

t he sane, aftﬁkra s}ggﬁ)i n{g, dryi ng and cal ci niqr}%the catal yst according to

the invention was FXETHanCt iRESRAMIN &t i SA- At \ESIPPoRs ¢ 35958

PCT/ EPO / 07938 upddrt & L Aohp MBI 1. mdt 1 QGRSSL f N d¥F @D AdHh 3 HAGH Ysie

support or a sux%?or%%g Goup VI1l metal catalyst or a precursor of the
t

supported G ouP'RETY Growat Yt s tmetit I obdss Wdeipmzasess (a)
exerting nmechamhmedigpoyer on a mxture conprising a refractory oxide and a
first liquid to obtain a dough, (b). adm xing the dough with a second
liquido obt REN LESTRY, MeehaHadt PR O i AT s |apmarisdag 210 (d)
cal cining, on tderdmderstepndiddaidal  £ifs@ SURPQY ted (Fakmh Y ldoudiBt al
catal yst or a precursor of the supported G oup VIII
b) admixing the dough with a second liquid to obtain a
slurry,
(c) shaping and drying the slurry, and
10 (d) calcining,
on the understanding that, if a supported Group VIII
metal catalyst or a precursor of the supported Group VIII
metal catalyst is prepared, a precursor compound of the
Group VIII metal or the Group VIII metal itself is
15 present as an additional component in step (a) or
step (b).
2. A process as claimed in claim 1, characterised in
that the refractory oxide comprises titania.
3. A process as claimed in claim 1 or 2, characterised
20 in that the first liquid and the second liquid are water.
4. A process as claimed in any of claims 1-3,
characterised in that the solids content of the dough as
prepared in step (a) is in the range of from 65 to 90 %w,
preferably in the ranée of from 65 to 85 %w, on the basis
25 of the total weight of the dough.
5. A process as claimed in any of claims 1-4,
characterised in that the quantity of second liquid
admixed in step (b) is in the range of from 0.5 to
20 part by weight (pbw) per pbw of the dough, in
30 particular from 1 to 10 pbw per pbw of the dough.



metal catalyst is prepared, a precursor-conpound of the Goup VIII netal
or the Goup VIl netal itself is 15 present as an additional conponent in

step (a) wooxase8 (b). 2. A process as clained in clai mlpahafaotagi sed in
that the refractory oxi de conprises titgn%@. 3. Aprocess as clained in
claiml1 or~2, characterised 20 in that t first liquid and the second
liquid are water. 4. A process as clainmed in any of clainms 1-3,
characterised $:n th&rairssdly dsladancendn envt oé ddaghmsad-5prepared in step

(a) is in the Hanas- f AW, r, rably i , I f._from
65 to 85 %v, on the %a%%%%ﬁgf&%htgo%hgvﬁa%%l%t %?)fz tﬁg ggﬁgﬁ.%%%gc O[]):IyOCESS
as clainmed in @fydofapphies In Sterh@)adtserdinsddhel ramigat otfhe rgmat. ilt yoof

second liquid m xed_in st h) iis in the range of fromO0._5 to 20 part
by wei ght (pb\/&)&g&n’p%egﬁeﬁﬁﬁé&ﬁbﬁ%% 33§ & ti%éﬁfnaro'#r &M 2%t ™10 pbw per
pbw of 5t he doungh. AMP AR ROHIRRRL/07 33 ©r2@1a8msA1RBOCESS as cl ai med

in any of clai 1-5, characterised in that the particle size of the
refractory oﬁr%er%ﬁﬁﬁ@e%feq st BPS £t a R tasg@asticdemsdze ©F 100

m preferably dne the-vangss grddard &b the 2AdMo 5 stepA (R)0CRSS @peC! ai med
in any of clains 1-6, characterised in that the ratio of the particle size

of the parti AFLHesehtzatoh Hd e mpdi diesp PEgsedrertt kbe saptitclo si ze of

the particles JHgsert) ats thgstarty ofh S$er ¥ oy pizcall ¥ i5n the range
of 0.02 to 0.5, 6??1 % pasr.télﬁpul ar iyn tnhe ranggﬁ)gf from O.Oé3 ?050.33 8. A
proces§ as cl HEd G H-ahylpfthe digigel of froaladbeitios®d2i-n that step (c) is

a spray-dryi n@g processcess o RIGGERS HOr RLOGYCING i@ Sypported Group VIl
nmetal catalyst or a precursor of the supported Goup VIII netal
characterised in that step (c) is a spray-drying process.
9. A process for producing a supported Group VIII metal
catalyst or a precursor of the supported Group VIII metal
15 catalyst by applying the process as claimed in any of
claims 1-8, on the understanding that a precursor
compound of the Group VIII metal or the Group VIII metal
itself is present as an additional component in step (a).
10. A process for producing a supported Group VIII metal
20 catalyst or a precursor of the supported Group VIII metal
catalyst, characterised in that a precursor compound of
the Group VIII metal or the Group VIII metal itself is
deposited on a catalyst support which is prepared
according to a process as claimed in any of claims 1-8.
25 11. A catalyst support or a supported Group VIII metal
catalyst or a precursor of the supported Group VIII metal
catalyst which i1s obtainable by a process as claimed in
any one of claims 1-10.
12. A supported Group VIII metal catalyst or a precursor
30 of the supported Group VIII metal catalyst as claimed in
claim 11, characterised in that the Group VIII metal is
cobalt.
13. A supported Group VIII metal catalyst as claimed in
claim 11 or 12, characterised in that the Group VIII

35 metal is present at least partly in metallic form.



15 catal yst by applying the process as clainmed in any of clains 1-8, on

t he understandi ng that a precursor conpound of the Goup VIII netal or the
G oup VIMOn®po®s8 itself is present as an additional conpPOEEPOIQTIIStep (a).
10. A process for producing a supported_ up VIIl netal 20 catalyst or a
precursor of the supported Goup VIII net “catal yst, characterised in
that a precursor conmpound of the Goup VIII netal or the Goup VIII netal

itself is de ited on a catal yst support ich is prepared according to a

process as cl gf%bafi%r%%?s%fé%lf a‘?%‘i’l-@g @%Aﬁ%arﬁoégﬁ'alwcq’smﬁs%r a

supported G ouporivptise®tadntsat dhysd wixttuy estir&omh e rdiesuppaiied G oup
a process as claiped in any

VIIl netal cqtia(i%st whi ch js obtainable b%‘?

one of claims WIE9ED 2 SLPRRTEed TR WIS Fhd ATeSHHGH LG &
precursor 30 @ipphetsdppostiedy I DUl |camiB)statal yisdinmsy clai med in
claim 11, char cterif dinthat the Goup VIIl netal is cobalt. 13. A
suppor ted G oup-3ATI tal catalyst as clained in claim11l or 12,
characterised in that the Goup VIIl 35 netal is present at |east partly in
metallic form WD 02/05958 PCT/EP01/07938 - 21 14. A process for producing
hydr ocar bons, which process conprises contacting a m xture of carbon
nonoxi de and hydrogen at el evated tenperature and pressure with a
supported Group VIII netal catalyst as clained in 5 claim 13.



